Abstract. The relationship between P intensity and capacity parameters in 104 mineral soil samples was studied by means of sorption-desorption isotherms of two types. In the isotherm A the P exchange was expressed as a function of P concentration in the initial solution, in the isotherm B as a function of P concentration in the final equilibrium solution. Both isotherms conformed to the equation y = a + bx, where y stands for the amount of P sorbed or desorbed and x the P concentration in the solution.
Introduction
The applicability of various isotherms to studies dealing with agricultural and environmental P problems has been subject to to many investigations. A great deal of effort has been expended on trying to find the isotherm parameters of essential significance in predicting e.g. the fertilizer requirement of plants or the P loading of surface waters induced by eroded soil material.
The important soil factors controlling the P supply to plants are the intensity, quantity and P buffering power factors (HELYAR and MUNNS 1975, HOLFORD 1976) . The intensity refers to P concentration in the soil solution and the quantity to total labile P in soil. The intensity parameter, e.g. water soluble P, describes a transient situation in soil, but it does not exactly inform about changes in P intensity occurring when P concentration in the solution is reduced by P uptake or increased by P fertilization.
The purpose of the present study was to find out in more detail the relationship between the P intensity and capacity parameters and soil factors involved therein. The relationship was investigated by sorption-desorption isotherms of two kinds. The results were assumed to give further information about factors to be taken into account when developing methods for extracting plant available P as well as methods for determining the requirements of P fertilization. The isotherms were considered to give intimations also about factors in lakes controlling P exchange between the sediment and overlying water and, thus, being noteworthy when developing models for predicting the ability of a lake to tolerate P loading or in polluted waters the ability of bottom deposits to supply the water body with P.
Materials and methods
The material consisted of 104 mineral soil samples, some characteristics of which are reported in Table 1 . The means and range of other properties in various soil groups as well as the methods of soil analyses are presented in a previous study (HARTIKAINEN 1982 a) . The method for preparing the isotherms is described in the first part of this study (HARTIKAINEN 1982 b) . In some soil samples, however, no sorption was found to have taken place even at the highest P concentration (1 mg/1) in the bathing solution. In these cases, the sorption or desorption from and to a solution were investigated by using standard solutions of higher P concentrations (up to 14 mg/1).
Results
The P exchange by soils was expressed in two ways: as a function of P in the initial solution (isotherm A) and as a function of the P concentration in the final equilibrium solution (isotherm B (1982 a) to regulate the extractability of soil P into water (Table 3) . Like in water soluble P, the relationship between the EBS and the molar ratio (OLSEN and WATANABE 1957 , KAILA 1963 , BACHE and WILLIAMS 1971 , MEAD 1981 . Also these isotherms, generally applied to sorption studies, normally fit the sorption data only within a limited range of phosphate concentrations in solution (MEAD 1981) . These equations are hardly used in sorption-desorption studies, because quite low phosphate concentrations are needed in experiments of this kind.
The results in Table 1 and the correlation analyses show that the constant a A in the isotherm A which expresses the P exchange as a function of P concentration in the initial solution, really corresponds to the quantity of water soluble P at the soil-solution ratio used and is thus the intensity factor in the isotherm.
As stated in the first part of this study (HARTIKAINEN 1982 b) , the physical meaning of the constant # B cannot be interpreted as exactly and explicitly as the meaning of the constant a A . The equation of the isotherm B presented in this study is to some extent similar to the Freunlich sorption isotherm modified by FITTER and SUTTON (1975) into the form AP bC k a, where C stands for the P concentration in the final solution and A P the amount of sorbed P. According to the authors, the third term, a, theoretically represents the phosphate which must be removed in order to reduce P concentration in the final solution to zero, since AP = -a when C = 0. When the equation was fitted to the sorption data, a close relationship was found between a and the resin-P values, with the calcareous and acid soils falling into two distinct groups.
However, in the present study there existed quite a poor association between the water extractable Pin the soil and the term <t B corresponding to the term a of FITTER and SUTTON (1975) . This result supports the concept discussed by HARTIKAINEN (1982 b ) that, with increasing solution-soil ratio the isotherm expressing the P exchange as a function of final P concentration can be assumed in practice to converge the y-axis without intersecting it. This is due to the fact that the intersecting point on the y-axis would express the equilibrium P concentration x = 0 which, in turn, does not allow any net phosphate exchange.
As can be seen in Table 2 , water soluble P and some soil properties involved were correlated to some extent also with the slope b\ and the logarithm value of the slope bs. In addition, on the basis of the P-coefficients, the soil characteristics controlling the level of water soluble P in soil seem to be important factors in both equations, which indicates the factor £ A as well as the factor b$ to be semi-intensive parameters.
Water extraction has been shown to illustrate the P status determined by the quantity and quality of sorption components in soil, soil pH, and the content of organic carbon (HARTIKAINEN 1982 a Further, it can be concluded from the equations of the isotherms B that a given desorption decreases the P concentration in a solution the more markedly the lower the buffer power of the soil is. Also HOLFORD and MATTINGLY (1976) have emphasized the importance of the buffering factor. They claim that, in P requirements of plants, the critical level of P quantity in soil increases and P intensity decreases as the buffer power of soil increases.
An ideal extractant would account for the P intensity as well as the P supplying capacity in a wide range of soil types. The results obtained in the present study show the water soluble P in soil to be closely related to parameters describing the interaction between soil material and surrounding P solution. As compared to other soil characteristics studied, it seems to be of a relatively greater importance because it is related to both the term a and the term b in the equations of the isotherms. This supports the conclusion presented in some earlier studies (e.g. AURA 1978, SCHACHTSCHABEL and BEYME 1980) that the water soluble P gives intimations about P intensity as well as P capacity in soils.
However, simple water extraction seems not to indicate adequately the P exchange properties of a soil, but the amount of Al and Fe must also be taken into account. Thus, the use of sorption-desorption isotherms, including all the parameters discussed above, is justified. By applying simultaneously the isotherms of both types investigated in this study, the lines can be used as a dynamic model to describe P exchange. The advantage of this method is that the data on both isotherms are obtained by the same analysis and no additional measurements are needed.
